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APPENDIX E

DESIGN EXAMPLES—MECHANICAL AND ELECTRICAL EQUIPMENT

E-1. Introduction. The design examplesin this appendix are to illustrate principles, factors, and concepts
involved in seismic design. These are not mandatory; and other equivalent methods, materials, or details
complying with this manua and applicable agency guide specifications may be used.

E-2. Design Examples:

Fig. No.
E-1

E-2
E-3

E-4

E-5
E-6

E-7

Description of Design Examples
Pad-Mounted Transformer.
[llustrates the seismic design of atypical, rigidly mounted item of equipment on the
ground.
Cooling Tower in Building.
Presents analysis for arigidly mounted cooling tower in a multi-story building.
Unit Heater—Flexible Brace.
Analysis of aunit heater not rigidly braced.
Unit Heater—Rigid Support.
Demondtrates the reduction of the lateral seismic load by rigidly bracing the unit heater
of figure E-3.
Water Heater.
Indicates how awater heater in a barracksis investigated for seismic loads.
Tank on a Building.
Demonstrates the seismic analysis of a storage tank on a building. Emphasisis placed
on the period determination.
Water Riser.
Illustrates an approximate scheme used to determine the seismic loading on pipe
connections. A riser in amulti-story building is treated.
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PAD MOUNTED
L TRANSFORMER
WT = 0.0 KIPS

b8 —2-74"4 A.8.
ENGINEERED vJ (¢ 70TAL)

Free —

POINT O A

NATIvE SOIL\—/

(/NORGANIC .SILT)

G/VEN . W = /0.0 K/IPS

RIGID EQUIPMENT ON THE GROUND
ZONE 3 SEISMIC AREA AND I=21.0

REQUIRER: CHECK ANCHOR BOLT REACTIONS NPUE
TO SE/SMIC LOADS.
SOLUTION !

Fe: 2I (2/3 Co)Wpe Ce= 23
Z=z0%0,21:/0, cﬁ =0.75 , Wp 2/0.0KIPS
Fp= o030 (1.0)(2/3)C0:18)(/0) = 1.5 kIPS
ArPPLIERD AT CG

CONCRETE PAD

SHEAR/BOLT = 15/4 =0.38 K/PS/ROLT
ALLOW. SHEAR = /.50 KIPS/AOLT
S 4-%"4AA. O.K.

CHECK OVERTURNING -
Moo= 0O

42* x 1. 6K << %Q'x 10.0X . OVERTURNING O.K.

Reference: Chapter #Q, paragraph/a-5a

Also Check SEAOC 1I per SEAOC 1G 2d
Rigid Non-Building Structure
V =0.5 ZIW (SEAOC EQ 1-12)
=0.5x0.3x1x 10 =1.5 KIPS Same as Above

Figure E-1. Pad-mounted transformer.
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200LING TOWER

4’

28’
5@ /0=
50/

SIVEN :
WT. COOL/ING TOWER = 20.0 KIPS
ZONE 3 8EISMIC AREA

CONSIDER TOWER RIGIDLY

MOUNTED

WT. TYR. FLOOR = 4-00 KIPS

100 Yo MOMENT RES/ISTING

FRAME! I’ I.O.

14’

REQUIRED .

NN ARNGY PR 2SI T 77

FIND THE SEISEMIC DESIGN
FORCE TO BDE APRLIED AT
C.G.0OF COOLING TOWELR .,

SOLUTION ¢

CHECK MASS RATIOS (PARA. 12-2d)
Wp/wx FLOOR 20/400 & 0.20 OK.
Wp /W STRUCT, 20/2800 < O.10 o.K.

QUALIFIES AS RIGID EQUIPMENT,
RIGIQLY MOUNTED IN A BUILRING

(pARAo. Iz‘a)l

Fr = ZLCpWp (SEROC EQI1-1D )
Z =0d0(zowneE 3), I =10

Cp = O.75 ((SEAOC TARE I-W)

= 0.225 x 20 = 4.5 Kips

Figure E-2. Cooling tower in building.
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STEEL FRAME CAN RESIST
AT LEAST 5% OF BUILPING'S » UNIT HEATER SUPRORTER

REQUIRED LATERAL FORCE Y rz-*-‘y4_'¢x Aol OIPES
| RIGIDLY ATTACHED TO
CONCRETE SHEAR
WALLS , Rw : |12 CEILING .
]

T
- 7 /] u>\
3 %

v
w
TV
co!

GIVEN : NEGLECT EFFECTS OF ROTATION OF UNIT

HEATER .

WT. UNIT HEATER — 450 LB%

WT. TYRICAL FLOOR = 500 KIPS

WT. STRUCTURE %00 KIPS

I (OCCUPRANCY) = 1.0

ZONE 38 SEISMIC AREA

Io( Y4'PRIPEY — 0,037 IN¥

E ( PIPE ) 30 % 103 KIPS/IN®

REQUIREID = FIND DESIGN SEISMIC FORCE TO
PE APPLIED AT C.G.OF UNIT HEATER,

SOLUTION @ CHECK MASS RATIOB :(PARA. 12 -84)
Wp /wx FLOOR = 0.45/500 K 0,20 OK
We'7W  STRUCT, — 0.46/23004.0.10 OK

5@m=

Wp
Wi
W

nonoy

INVESTIGATE AS FLEXIRLY MOUN TEN
EQUIPMENT IN RBUILNRINGS
PRARA. |} -4

Fp = & A0 CpWe (e5/23)

Figure E-3. Unit heater-flexible brace.
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Z:.30 (ZONE3),1:1.0, Cm=0.75"

Ap, WHICH RANGES RROM /.0 TO 5,0 IS NEPENNENT
ON ‘PERIONS Tq (EQUIR.) AND T(ALNG.

REFER TO PARA. -

4

A=

k=2 { 5(50"’05)(0'057)} =0.142 KIPS/INCH.

363
We = ._....'5 = -
T = 0.37 / T T 0314 Y45 = 0-50 SEC. (10-1)

Te 0.0 SJEC. (FROM ANALY SIS OF RUILNING ,
SEROC €Q I-5 AND PARA /2-%c (1))

Ta . O.50
= 5.co - ©-83

USE FIGURE 12-36Ap = 4.90 (TARLE /2 -1)

Fo =7.57% ] 0Ox4.9x 075 Wp = /.10 Wp

2/./]0 x 850 = 3QGL§J.

NOTE. A LATERAL FORCE OF 386 LARS. Wil
OVERSTRESS THE 34"¢ PIPE BRRACES ;
THEREFORE AN NIAGONAL JSUPPORTS
AS SHOWN |IN FIGURE £-4

Figure E-3. Continued.
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E-6

GIVEN

. 3 O R
- ’ . ‘o B
T o % a. S, oW

§0 46°\
R TT-2-2x2x/glls
o W A= (94)=1.88 IN.
iy
- T 2-%'?oPES
c.6. #r] A=72(.33)=.66 IN.?

PETAIL OF UNIT HEATER
USE DATA GIVEN IN FIGURE £E-3

REQUIREID = FIND PESIGN SEISMIC FORCE
SOLUTION = A= Z LG, (SEAOC EQ /1-10

JF RIGIDLY MOUNTED , PARA.!A -3)

CALCULATION OF Ta FOR RIGINDITY CHECK. .

APPROXIMATE ANGLE CONNECTIONS BY
PINS . ASSUME ALL LATERAL FORCE IS
RESISTED BY PRACING ANGLES. dJSE
ENERGY METHOR TO CALC., Kg .

Figure E-4. Unit heater—rigid support.
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Maml(K-¥e) /7y | %
%

' K=Yo
-
Lt ‘
A <
Lag Lpc=e !4l Laop
K
—e

ASSUME K-Vc== 0 > THIS ASSUMES ALL OF THE
HORIZONTAL FORCE K 18 RESISTED bY THE
DIAGONAL |

z Wtsxrszum. = IW INI?.RNAL

T AanE 2ApcE
! = K _AL_::_i_E_ + /o:icl.;g_
K 33; 'ic,.,,,_, SZaay N " O 78 X 10® LBS/INCH
0.GGe /.88 |
7,= 0.3z ,\/2.71’5’?103 = 0.0!l 8EC. (EQ12-1)

Tq < ©.06 SEC., THEREFORE SUPPORT 15
RIGIN (PARA. /3-3)

Fp ZIPCP We *0.B0X/.0x OI5 Wp = O.?ZS-WP
0.225 x 350 = 79 LAS.

Figure E-4. Continued.

E-7



TM 5-809-10/NAVFAC P-355/AFM 88-3, Chap 13

E-8

GIVEN ! 1445 LB. WATER.

a1 HEATER IN BPARRACKS,
G SEISMIC Z2ONE 4,
C.G.
N BARRACKS —\ HEATER

7

P———.
PT. O )
TRIPOD BASE

REQUIRED : INVESTIGATE THE WATER
HEATER FOR SEISMIC LOADS.

SOLUTION o WATER HEATER WILL BE
CLASSIFIED AS BEING EQUIPMENT ON THE
GROUND AND WILL BE CONSIDERED ToO BE
A RIGID BODY. SINCE FRICTION CANNOT
SE USED 70 RESIST LATERAL
SEISMIC FORCES., THE WATER HEATER
MUST BE RIGIDLY ATTACHER TO ITS
FOUNDATION . BOLT WATER HEATER
LEGS TO FLOOR,

Fp=2I(2/3 Cp) Wp
Z=0.4, 110, Cp=0.75 (SEAOC TABLF 1-H)
Fp=0.4 x1.0x 2/3x O.75 = O.20Wp
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Fo= 0.20Wpe = 0.20x1.445 = 0.29 KIRS
B= O.29K APPLIED AT C.&.

CHECK FOR OVERTURNING ABOUT POINT O.

IM =
0.29K x 327< 14455« TAN, 30« 12"
9.28'K< /0.0 ¥ K

X 20,87 OVERTURNING O, K

—— CHECK FOR LOAD T IN LEG

. OF TRIPOD .

e . IMix=0=Tx20.8+029x 32

< = 445K TAN 30°x /2
& 7= L"-_fé%_g%"ﬁ‘ﬂk= 0.085 KIPS
! COMPRESSION

0.29K HENCE, USE NOMINAL ANCHOR
C—r—

PT.0 BOLTS. USE 3-5/a"P A.B.
¥
= ® . ALLOW BASE SHEAR =
Y + S ACLORY= B K
X/ T 9  SHEAR O.K. 3.0K » 0.29 K
)
29 -
I‘S" ! Note: SAME RESULTS IF CONSIDERED
| 20.6” l NON-BUILDING STRUCTURE
V =0.5 ZIW (SEAOC EQ 1-12)
PT. O

Figure E-5. Continued.
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E-10

_SHEAR WALL ﬁ’\ L ASSUME SADDLE
WATER Tf@ L L\ 7 inEINITELY
2 0 \ / RIGID
LI 5 ny DA
s S . [ // ” L
o %, §05 L —3Ix3x%
3 7 Xy | 2x@x%"L
‘ 777 0 (ASSUMED TO
o ST SRR R < TAKE ONLY
0’ TENSION)

PETAIL OF TANK SUPPORT
GIVEN : WT OF TANK + WATER = /0.0 K/ TRUSS

ZONE JASEISMIC AREA AND 1:1.0 OCCUPRANCY
ASSUME ALL JOINTS ARE PIN CONNECT/ONS.
ASSUME CROSS MEMMBERS TAKE TENS/ON ONLY.
NEGLECT WT OF SURRORT MEMBERS.

REQUIREND ! FINR THE PDESIGN SE/ISMIC FORCE.
SOLUTION = HYPRO-DYNAMIC EFFECTS ARE NEGLECTED

EVEN WHEN TANK IS PART/ALLY FULL . CALCULAT/ION
OF STIFFNESS OF TANK STRUCTURE ! USE ENERGY
METHOND TO FIND K.

= 0.6 0.6*

o.5X ts lc 0.5%
—a —

RRACING ACTS
IN TENSION ONLY

TASNIAY IR ‘
Figure E-6. Tank on a building.
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) F?
COMPUTATION OF A ! 1%, Q : 5 '?Té’

MEMBER |LENGTH | AREA | F FIL/A

c o 5000 1044 - Il G 6.5q
CA 2.07 0.4 + .44 115.0%5

25.17
KE-FT. )
AN 25,07 INT X [|ZIN/ET -2
o’ /Kxé'>= 20.5025x 10" T IN.=-K
/4 2(505;05 K//Nz> A--I.OOE)&/O-Q/N-/K
l
—  Tmm v ] ) K ,N .
K= — = oosxig=t = 775 K/
. w - 10 ,
e o Ta = 054 E 15¢ qq‘s = .loa SEC

(e /21)

Ta CEQUIPMENT PERION) = 0.10% > 0.06 JEC.
JUPPORT 15 NOT RIGIND (PARA./2-3)
DESIGN AS BLEXIALY MOUNTEN (PARA./2-9)

TCALNG. PERION) IS CALCULATED To AE 0.3/ S€C.

REFER To PARA, 12-4c (/)
Ta/T = 0.102 /0.3 = 0.33 ANND T O.5J€C.

FIND Ap FROM FIGURE /2-3a

., [/0.33-0.10 R
Ap i+ (2322 (5.0-1.0) = 2.3

Fo=2lApCoWp » WHERE Z 2 0./5 (Zove 24)

PARA. /12-4e, r=1.0
FORMULA /2-2 Cpt 0.75

Fa ® 0.15¢/0x2.3/x0.75 Wp = 0-26 W)
Rez 0.26x/0 = 2.@KINS/TRUSS

Figure E-6. Continued.
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MOMENT RESISTING

A ( SPACE FRAME
WATER CARRYING .
RISER LATERALLY \ .
SUPRORTED AT ___—w 2 Q
EACH FLOOR ™
4'PRISER STANDARD c o
WT. (40 8) PIPE D ©
ASSUME RISER !
PINNED AT BASE -
(RPOINT E D \.} £ Ay

LUELSRAL ST ST ] - U/_-» G
@20'=¢0o’
3 2

GIVEN | RISER AS S8HOWN IN MULTI!=STORY
BUILDING . SEISMIC ZONE <&

ESSENTIAL FACILITY BUT THE RISER
IS NOT RELATED TO FIRE PROTECTION

REQUIRED : FIND SEISMIC FORCE AT EACH
LATERAL RISER SUPPORT.

SOLUTION ! AN APPROXIMATE SOLUTION
WILL BE MADE.
FIRST INVESTIGATE THE ALLOW-
ABLE SPAN FOR 4-'$ (40 8)
PIPE , THEN APPRLY S&ISM/IC
LOADING TO RISER .

I, 1F PIPING SYSTEM IS RIGID
Fp = BlCp Wp [RPARA.12-74 (1) T

2, /F PIPING SYST&M |S NOT RIGID
Fp=8lAp CoWp LRPARA. 12-74 (3)8(4) ]

Figure E-7. Water riser.
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PIPE APRKORIMATE | MAXIMUM RIGIPD SPANS
ENR  CONR. |(£F£/G. (24,12-5 & 12-6 )
FIXERQ - PINNER 14-'- o1
FIXED -FIXER 17 -3l
FIXGO - FIXED 17 - &
" |FIXED - PINNED [d-i= Gt
A Y ,
< g o) /0 B Ly
2fs “a~,
Qg c 10 ..
bS5 7777 “q<
LU
x|~ /10
QjlL n D L2
u\z 77T
St /4’
~ ARPPROAIMATE e L\
R E CONFIGURATIONS

—e e N
PIPE SPANS ARE SHORTER THAN MAXIMUM RIGIN
SPAN CIMIT; % Fos 22X Co Wp APPLIES.
Bzo0dGowed) Ip71:/25; Cprc075 _
We = (WT. OF P/PE+ CONTENTS)= (/0.8 + 5.5)LB/FT LENGTH
FP = O.fOX/'25X0.75W,o : 0.38 W/D : 6./ 16/,»[

POINT |APPROXIMATE | APPROXIMATE
TRIRUTARY, CONNECTION
L LENGTH (FT.) | LOAD (LSS)
A 5.0 3/
locd 10.0 6/
c 10.0 6/
[2) .0 73

Figure E-7. Continued.
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